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(57) ABSTRACT

The invention provides a valve and method for injecting a
treatment fluid into a production zone of a hydrocarbon
production well. The valve comprises a tubular housing
comprising an axial fluid passage, a fluid inlet in fluid
communication therewith, and a lateral fluid outlet; a sleeve
having a sleeve fluid passage and at least one lateral fluid
opening, the sleeve being fixedly arranged within the hous-
ing and aligned with the housing fluid passage, wherein the
fluid opening is aligned with the fluid outlet; and a piston
moveably disposed within the sleeve fluid passage between
closed and open positions, wherein the piston when closed
blocks treatment fluid flow from the housing fluid passage
toward the sleeve fluid passage, and wherein the piston when
open permits treatment fluid flow from the fluid inlet
through the housing fluid passage, the sleeve fluid passage,
and the fluid opening toward the fluid outlet.

15 Claims, 4 Drawing Sheets
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SYSTEM AND METHOD FOR INJECTING A
TREATMENT FLUID INTO A WELLBORE
AND A TREATMENT FLUID INJECTION
VALVE

PRIORITY CLAIM

The present application which is a 371 application of
PCT/EP2012/062676, filed Jun. 29, 2012, claims priority
from European Application EP 11172821.8, filed Jul. 6,
2011.

The invention relates to a system, a method and a treat-
ment fluid injection valve for injecting a treatment fluid into
a wellbore. The wellbore is for instance a hydrocarbon
production wellbore.

At a first stage of hydrocarbon production, also referred to
as primary recovery, the reservoir pressure is considerably
higher than the bottomhole pressure inside the wellbore.
This high natural pressure differential drives hydrocarbons
toward the wellbore and up to surface. To reduce the
bottomhole pressure or increase the pressure differential to
increase hydrocarbon production, an artificial lift system
may be used. The primary recovery stage reaches its limit
when the reservoir pressure has decreased to a level where
at the production rates are no longer economical. During
primary recovery, only a small percentage of the initial
hydrocarbons in place are produced. For example around 10
to 20% for oil or gas reservoirs.

A second stage of hydrocarbon production is referred to as
secondary recovery, during which an external fluid such as
water or gas is injected into the reservoir through one or
more injection wells which are in fluid communication with
the production well. Thus, the reservoir pressure can be
maintained at a higher level for a longer period and the
hydrocarbons can be displaced towards the wellbore. The
secondary recovery stage reaches its limit when the injected
fluid is produced in considerable amounts from the produc-
tion wells and the production is no longer economical. The
successive use of primary recovery and secondary recovery
in a gas reservoir may produce for instance about 30 to 40%
of the oil or gas in place.

Enhanced Oil Recovery (EOR) or Enhanced Gas Recov-
ery refers to techniques for increasing the amount of hydro-
carbons which can be extracted from the reservoir. Enhanced
Oil Recovery or Enhanced Gas Recovery is sometimes
referred to as tertiary recovery as it is typically carried out
after secondary recovery, but it can be initiated at any time
during the production life of the hydrocarbon reservoir.
Enhanced Oil Recovery or Enhanced Gas Recovery may be
achieved by injecting a treatment fluid into the hydrocarbon
production wellbore.

As many hydrocarbon production wellbores are nowa-
days near the end of their secondary recovery production life
or have already passed the secondary recovery stage,
Enhanced Oil Recovery or Enhanced Gas Recovery is
becoming increasingly important to maintain the production
capacity and extend the production life of the well. Conse-
quently, it is more often desirable to inject a treatment fluid
into the wellbore, for example a natural gas production well.

WO 2005/045183 describes a method and system for
injecting a treatment fluid into a well. The well may com-
prise a surface controlled subsurface safety valve (SC-SSV)
which is mounted in a production tubing of the wellbore.
The safety valve is typically controlled by varying fluid
pressure in a valve control conduit which extends from a
wellhead to the SC-SSV through an annular space between
the production tubing and a wellbore casing. A treatment
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fluid injection conduit is connected to the valve control
conduit and is suspended downwardly within the production
tubing from the safety valve to a production zone of the well.
The treatment fluid injection conduit may be a steel conduit
having an outer diameter which is less than a centimeter and
a length of, for example, 1-3 km so as to reach the produc-
tion zone.

In practise, the treatment fluid injection conduit has a
treatment fluid injection valve at its lower end. The treat-
ment fluid injection valve is generally a ball and seat valve.
As the treatment fluid injection valve is situated at a con-
siderable depth below the surface, it can be subjected to a
high working pressure, for example 100-300 bar. At such a
high working pressure, the treatment fluid injection valve
has to be displaceable between a closed position and an open
position so as to accurately meter the injection of the
treatment fluid into the production zone. In addition, the
treatment fluid usually contains chemicals, such as a foam
generating agent, which leads to fouling and corrosion of the
treatment fluid injection valve. This increases the risk of
failures, such as blockage, and thus negatively affects the
reliability of the treatment fluid injection valve.

US-2010/0096127 discloses a constant flow valve com-
prising a fixed sleeve having an inlet, a fixed port formed
through a side of the fixed sleeve, a floating sleeve coaxial
and slidable with respect to the fixed sleeve, a floating port
formed through a side of the floating sleeve and selectively
registerable with the fixed port, a restriction orifice on an end
of the floating sleeve in fluid communication with the
floating port, and a compressible spring in contact with the
restriction orifice on a side of the restriction orifice opposite
the fixed sleeve. When injection fluid is directed to the inlet,
the fluid flows to the fixed sleeve, through the registered
fixed and floating ports, and through the restriction orifice to
generate a pressure differential across the restriction orifice
that creates a force to slide the floating sleeve away from the
fixed sleeve. As a result the floating port and fixed port
misalign which in turn reduces the flow area through the
flow control device. The reduced flow area reduces flow
through the ports that in turn decreases the pressure differ-
ential across the restriction orifice. When the pressure drop
across the restriction orifice and the spring force are sub-
stantially the same the floating orifice will stabilize and
cease to move, thereby maintaining a constant flow rate of
fluid.

The constant flow valve of US-2010/0096127 is designed
for a predetermined flow rate of fluid, for instance by
selecting a certain spring force. It is impossible to adjust the
flow rate to a lower rate, only to stop the flow. Also, the
sliding sleeve, the annulus thereof and the aligning openings
are prone to fouling and blocking. The latter increases risk
of failures and negatively affects the reliability of the valve.

It is an object of the present invention to provide an
improved system for injecting a treatment fluid into a
wellbore.

The invention thereto provides a treatment fluid injection
valve for injecting a treatment fluid into a wellbore, the
treatment fluid injection valve comprising:

a tubular housing comprising a housing axial fluid pas-
sage, a fluid inlet being in fluid communication with the
housing axial fluid passage, and a fluid outlet;

a sleeve member having a sleeve axial fluid passage and
at least one lateral fluid opening, the sleeve member
being fixedly arranged within the tubular housing,
wherein the sleeve axial fluid passage is aligned with
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the housing axial fluid passage, and wherein the at least
one lateral fluid opening is aligned with the fluid outlet;
and

a piston member being moveably disposed within the

sleeve axial fluid passage between a closed position and
an open position, wherein the piston member in the
closed position blocks treatment fluid flow from the
housing axial fluid passage toward the sleeve axial fluid
passage, and wherein the piston member in the open
position permits treatment fluid flow from the fluid inlet
through the housing axial fluid passage, the sleeve axial
fluid passage, and the at least one lateral fluid opening
in the sleeve member toward the lateral fluid outlet of
the tubular housing.

With the treatment fluid injection valve according to the
invention, the closed position and the (fully) open position
are defined by the movement of the piston member within
the axial fluid passage of the sleeve member. The sleeve
member is arranged stationary within the tubular housing.
The axial fluid passage of the sleeve member forms a piston
chamber for the piston member. In the closed position, the
piston member blocks the flow path from the axial fluid
passage in the tubular housing toward the axial fluid passage
of the sleeve member so that the treatment fluid injection
valve is closed. When the piston member is in the closed
position, a leak rate may be zero, or at least to relatively low.
The leak rate may remain zero to very low even when the
treatment fluid injection valve is operated at high working
pressures, for example exceeding 100 bar. Due to the
construction of the injection valve according to the invention
fouling and corrosion is reduced. Consequently the valve
can withstand the influence of chemical treatment fluid, has
an increased lifespan, and maintenance can be limited.
Consequently, the treatment fluid injection valve of the
invention is reliable due to reduced risks of failures. Typi-
cally, the valve can be designed to operate continuously with
a chemical treatment fluid for an extended period of, for
example, two years or more without failure.

In an embodiment, the axial fluid passage of the sleeve
member comprises an inner circumferential surface, and
wherein the piston member comprises an axial end surface
and an outer circumferential surface, the outer circumferen-
tial surface of the piston member being provided with a
sealing member which radially protrudes from the outer
circumferential surface and engages with the inner circum-
ferential surface of the sleeve member in a sealing manner.

The sealing member may be constructed in various ways.
For example, the sealing member comprises one or more
rings. The rings may include two or three rings, which are
arranged at a mutual axial distance from each other. One or
more of the rings can be made of a relatively hard material,
such as metal or steel. An optional additional ring may
provide a soft seal, for example a ring made of a resilient
material, such as a rubber O-ring. The sealing member
provides a fluid-tight seal between the piston member and
the sleeve member. Thus, a relatively low leak rate under
high working pressures can be achieved. The metal rings act
as a tight labyrinth seal, or a metal-to-metal seal. The metal
rings prevent high velocities at the soft seal member, and
thus protect the soft seal.

In an embodiment, in the closed position the axial end
surface of the piston member abuts against a seat which is
made of a resilient material. The seat is situated, for
example, adjacent to an axial end of the sleeve member.

When the piston member is in the closed position, the end
of the piston engages the seat made of the resilient material.
The resilient material may comprise, for example rubber.
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The engagement between the end surface and the resilient
seat guarantees that the treatment fluid injection valve is
closed off without any leaks. The sealing member provided
radially around the piston member reduces wear of the seat.
When the valve is in the open position, there is no, or hardly
any, pressure difference across the resilient seal. The
dynamic sealing (the piston, and optionally the sealing
member) and static sealing (the resilient seat) are separated
from each other. The static seal ensures proper sealing in
static, closed position, limiting or obviating fluid leakage.
The tougher sealing member provides sealing in a dynamic
condition. Thus, the valve of the invention combines low to
absent fluid leakage with relatively long lifespan of the
resilient seal.

In an embodiment, the at least one lateral fluid opening in
the sleeve member defines an adjustable flow area, wherein
the adjustable flow area are can be adjusted by controlling
the position of the piston member between the closed
position and the open position. It is also possible for the
piston member to be controlled to at least one partially open
position between the closed position and the (fully) open
position, and wherein, with the piston member in the open
position, the at least one lateral fluid opening in the sleeve
member defines a first flow area, and wherein, with the
piston member in its at least one partially open position, the
at least one lateral fluid opening in the sleeve member
defines a second flow area which is smaller than the first
flow area.

With the piston member in the open position, the lateral
fluid opening in the sleeve member defines a flow area
corresponding to a predetermined maximum volume flow. In
a partially open position, the lateral fluid opening in the
sleeve member defines a respective flow area which is
smaller than the flow area corresponding to the predeter-
mined maximum volume flow. The piston member can be
displaced from the closed position to the partially open
position (“throttling position™) by controlling the pressure of
the treatment fluid in the sleeve axial fluid passage. Thus, the
flow area defined by the lateral fluid opening in the sleeve
member can be adjusted by displacing the piston member,
and thus the treatment fluid injection valve can be operated
to deliver metered amounts of treatment fluid from the
treatment fluid injection conduit to the production zone of
the hydrocarbon production well. In other words, it is
possible to accurately meter the amount of injected treat-
ment fluid. For example, the treatment fluid injection valve
may be configured to inject 1 to 5 liters per hour.

In addition, when the treatment fluid is a chemical, for
example a foaming agent, it may form a deposit on the edges
of the lateral fluid opening, which causes a risk of blocking.
According to this embodiment, the flow area defined by the
lateral fluid opening in the sleeve member can be increased
by the operation of the piston member so as to wash away
any residuals which may have set onto the lateral fluid
opening during use. Thus, the lateral fluid opening can be
periodically cleaned by temporarily increasing the volume
flow through the lateral fluid opening. This results in a
treatment fluid injection valve having excellent reliability.

The at least one lateral fluid opening of the sleeve member
may comprise a single lateral fluid opening or a plurality of
lateral fluid openings.

In a particular embodiment, the sleeve member comprises
at least a first lateral fluid opening and at least a second
lateral fluid opening which is arranged at an axial distance
from the first lateral opening, wherein the piston member
can be moved incrementally from the closed position to a
first partially open position and from the first partially open
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position to a second partially open position, wherein the
piston member in its first partially open position permits
treatment fluid flow through the first lateral fluid opening in
the sleeve member and blocks treatment fluid flow from the
axial fluid passage of the sleeve member toward the second
lateral fluid opening of the sleeve member, and wherein the
piston member in its second partially open position permits
treatment fluid flow through the first and second lateral fluid
openings in the sleeve member.

When the piston member is displaced from the closed
position over an incremental distance to the first partially
open position, treatment fluid is allowed to flow through the
flow path from the fluid inlet through the axial fluid passage
in the tubular housing, the axial fluid passage of the sleeve
member, and the first lateral fluid opening in the sleeve
member toward the lateral fluid outlet in the tubular housing.
At the same time, the piston member, in particular its sealing
member, prevents treatment fluid from flowing from the
fluid inlet through the axial fluid passage in the tubular
housing, the axial fluid passage in the sleeve member and
into the second lateral fluid opening. Thus, the treatment
fluid injection valve is operated to inject a metered volume
of treatment fluid corresponding to the first lateral fluid
opening.

From the first partially open position, the piston member
may be displaced over a further incremental distance to the
second partially open position, wherein treatment fluid is
allowed to flow through the first and second lateral fluid
opening in the sleeve member toward the lateral fluid outlet
in the tubular housing. As a result, the metered amount of
treatment fluid is increased. It should be noted that the sleeve
member may comprise further lateral fluid openings which
are arranged at an axial distance from each other and
accordingly further partially open positions of the piston
member. In the second partially open position, the piston
member blocks treatment fluid flow from the axial fluid
passage in the sleeve member toward the further lateral
openings.

It is possible for the treatment fluid injection valve to
comprise a spring member which biases the piston member
to the closed position. The spring provides a bias force upon
the piston member for returning the piston member toward
the closed position. The bias force can be overcome by the
pressure of treatment fluid flowing into the axial fluid
passage in the tubular housing and acting onto the pressure-
receiving axial end surface of the piston member. When the
pressure is increased within the treatment fluid injection
conduit, it bears upon the pressure-receiving end surface of
the piston member to urge the piston member to move
axially with respect to the sleeve member in the direction
toward the open position, and the spring member is com-
pressed by the piston member. For example, the spring
member comprises a compression spring which is preten-
sioned between the piston member and a setting screw
which is received into the tubular housing.

In an embodiment, the sleeve member is removably
arranged within the tubular housing. Thus, the sleeve mem-
ber can be easily replaced by another sleeve member being
identical to the retrieved sleeve member or having a different
configuration for the at least one lateral fluid opening so as
to modify the volume flow characteristics of the treatment
fluid injection valve.

The invention also relates to a hydrocarbon production
well, comprising a casing, a production tubing which is
arranged within the casing so as to define an annular space
between the production tubing and the casing, and a system
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for injecting a treatment fluid into a production zone of a
hydrocarbon production well as described above.

It is possible for the hydrocarbon production well to
comprise a downhole safety valve which is mounted in the
production tubing, and wherein the treatment fluid injection
conduit is suspended from the safety valve into the produc-
tion tubing below the safety valve such that the treatment
fluid injection valve is located at a distance below the safety
valve. In this case, the treatment fluid injection conduit may
extend from the wellhead within the production tubing to the
downhole safety valve and through the downhole safety
valve. The downhole safety valve may be a surface-con-
trolled subsurface safety valve (SCSSSV). The surface-
controlled subsurface safety valve is generally installed at a
depth of at least 50 m, such as about 100 m. The treatment
fluid injection conduit extends below the surface-controlled
subsurface safety valve, for example over a length of at least
1000 m.

It is also possible for the hydrocarbon production well to
comprise a packer member which is arranged between the
production tubing and the casing so as to secure in place a
lower portion of the production tubing, wherein the treat-
ment fluid injection conduit extends below the packer mem-
ber such that the treatment fluid injection valve is located at
a distance below the packer member. The packer member is
generally installed at a lower portion of the production
tubing. The portion of the production tubing below the
packer member is generally referred to as the tail. The
treatment fluid injection valve is situated at a depth below
the tail packer member.

The invention furthermore relates to a method for inject-
ing a treatment fluid into a wellbore, comprising injecting
the treatment fluid into the production zone of the wellbore
as described above and/or using a system as described
above. The invention also relates to a method for producing
hydrocarbons, comprising a method for injecting a treatment
fluid into a production zone of a hydrocarbon production
wellbore of this type.

In addition, the invention relates to a treatment fluid
injection valve for injecting a treatment fluid into a produc-
tion zone of a hydrocarbon production well, the treatment
fluid injection valve comprising:

a tubular housing comprising a housing axial fluid pas-
sage, a fluid inlet being connectable to a downhole end
of a treatment fluid injection conduit and being in fluid
communication with the housing axial fluid passage,
and a fluid outlet;

a sleeve member having a sleeve axial fluid passage, the
sleeve member being arranged within the tubular hous-
ing wherein the sleeve axial fluid passage is aligned
with the housing axial fluid passage, the sleeve member
comprising at least one lateral fluid opening; and

a piston member being moveably disposed within the
sleeve axial fluid passage between a closed position and
an open position, wherein the piston member in the
closed position blocks treatment fluid flow from the
housing axial fluid passage toward the sleeve axial fluid
passage, and wherein the piston member in the open
position permits treatment fluid flow from the fluid inlet
through the housing axial fluid passage, the sleeve axial
fluid passage, and the lateral fluid opening in the sleeve
member toward the fluid outlet of the tubular housing.

The treatment fluid injection valve according to the inven-
tion may comprise any of the features described in the
claims and the description above, either individually or in
any combination of features.
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The invention will now be explained, merely by way of
example, with reference to the accompanying drawings.

FIG. 1 shows a cross-sectional view of an exemplary
hydrocarbon production well provided with a system for
injecting a treatment fluid in accordance with the present
invention.

FIG. 2a shows a cross-sectional view of a treatment fluid
injection valve of the system for injecting a treatment fluid
shown in FIG. 1, wherein the treatment fluid injection valve
is in a closed position.

FIG. 2b shows a cross-sectional view of the treatment
fluid injection valve shown in FIG. 24, wherein the treat-
ment fluid injection valve is in a partially open position
(“throttling position™).

FIG. 2¢ shows a cross-sectional view of the treatment
fluid injection valve shown in FIG. 24, wherein the treat-
ment fluid injection valve is in an open position.

FIG. 3 shows a cross-sectional view of a sealing member
for sealing the piston member with respect to the sleeve
member of the treatment fluid injection valve shown in FIG.
2a.

FIGS. 4a, 4b, 4c, 4d show cross-sectional views of
exemplary embodiments of sleeve members which can be
used with the treatment fluid injection valve shown in FIG.
2a.

FIG. 1 schematically shows a wellbore 1 according to the
invention. The wellbore 1 comprises a borehole 4 which has
been drilled from the surface 3 through a number of earth
formations 5, 6, 7, 8 up to a production formation 9. The
production formation 9 comprises hydrocarbons, for
example oil and/or gas. The wellbore 4 is lined with casings
12 and a liner 15 which is suspended from the lowermost
casing 12 by means of a liner hanger 13. The liner 15
extends from the lowermost casing 12 to the production
formation 9 and comprises perforations 11 for allowing fluid
communication from the production formation 9 to a pro-
duction zone 10 of the hydrocarbon production well 1.

A production tubing 14 is disposed within the casings 12
and the liner 15 of the wellbore 4. The production tubing 14
may be constructed in various ways. For example, the
production tubing 14 comprises sections of standard pro-
duction tubing which are connected together by threads. The
production tubing 14 extends from a wellhead 2 of the
hydrocarbon production well 1 to the production zone 10.
Production fluids, such as oil and/or gas, may be conveyed
to the wellhead 2 at the surface 3 through the interior of the
production tubing 14. A Christmas tree 16 is installed on the
wellhead 2 so as to control fluid flow in and out of the
wellbore 4.

A downhole safety valve 17 is installed within the pro-
duction tubing 14. In this exemplary embodiment, the down-
hole safety valve 17 is constructed as a surface-controlled
subsurface safety valve. The safety valve 17 may be situated
at a depth greater than 50 m, for example at approximately
100 m. The safety valve 17 provides emergency closure of
the production tubing 14 in the event of an emergency. The
safety valve 17 is designed to be fail-safe, i.e. the wellbore
4 is isolated in the event of failure or damage to the surface
production control equipment. An annular space 25 is
defined between the outer radial surface of the production
tubing 14 and the casings 12. A hydraulic control line 18
extends from the surface 3 within the annular space 25 to the
safety valve 17 so as to control the safety valve.

A packer member 24 is arranged between the production
tubing 14 and the liner 15 so as to secure in place a lower
portion of the production tubing 14 and to substantially
isolate the annular space 25 from the interior of the produc-
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tion tubing 14. For example, the packer member 24 com-
prises a means for securing the packer member 24 against
the wall of the liner 15, such as a slip arrangement, and a
means for establishing a reliable hydraulic seal to isolate the
annular space 25, typically by means of an expandable
elastomeric element. The portion of the production tubing 14
below the packer member 24 is generally referred to as the
tail.

The hydrocarbon production well 1 according to the
invention comprises a system for injecting a treatment fluid
into the production zone 10. The system for injecting a
treatment fluid into the production zone 10 comprises a
treatment fluid injection conduit 19 having an upper supply
end 20 and a lower discharge end 21. In this exemplary
embodiment, the upper supply end 20 is installed in the
Christmas tree 16.

The treatment fluid injection conduit 19 is arranged in the
interior of the production tubing 14 to the safety valve 17.
The treatment fluid injection conduit 19 extends through the
safety valve 17 and runs further downward through the
interior of the production tubing 14 up to the lower discharge
end 21 in the production zone 10. Thus, the treatment fluid
injection conduit 19 extends below below the safety valve
17 and below the packer member 24. The treatment fluid
injection conduit 19 may be several kilometers long.

For example, the treatment fluid injection conduit 19
comprises an upper pipe which runs from the wellhead 2 to
the safety valve 17, a duct which is arranged in the safety
valve 17, and a lower pipe which extends from the safety
valve 17 to the production zone 10. The inner diameter of the
pipes may be, for example, less than 1 cm, preferably less
than 0.5 cm. The lower end of the treatment fluid injection
conduit 19 comprises a treatment fluid injection valve 22.

FIGS. 2a, 2b, 2¢ illustrate an exemplary embodiment of
the treatment fluid injection valve 22. The treatment fluid
injection valve 22 comprises a tubular housing 30 which
comprises a circumferential wall 36 and an upper end sub 31
which is secured at the upper axial end of the circumferential
wall 36. A sleeve member 39 is fitted within the tubular
housing 30 against a shoulder 42 of the circumferential wall
36 which extends radially inward. A seat member 32 is
secured within the tubular housing 30 between the sleeve
member 39 and the upper end sub 31.

A fluid inlet 37 is arranged in the upper axial end face of
the tubular housing 30. The fluid inlet 37 is connected to the
lower end of the treatment fluid injection conduit 19. A
lateral fluid outlet 38 is arranged in the circumferential wall
36 of the tubular housing 30. The tubular housing 30
comprises an axial fluid passage 34 which extends through
the upper end sub 31 and the seat member 32. The fluid inlet
37 is in fluid communication with the axial fluid passage 34.
The sleeve member 39 comprises an axial fluid passage 40
which is in alignment with the axial fluid passage 34 so that
the axial fluid passages 34, 40 of the tubular housing 30 and
the sleeve member 39 are connected to each other.

The sleeve member 39 comprises at least one lateral fluid
opening 41. In this exemplary embodiment, the sleeve
member 39 comprises five rows of lateral fluid openings 41
(see FIG. 2¢). However, the sleeve member 39 may com-
prise any number of rows of lateral fluid openings. The
lateral fluid openings 41 of each row are distributed circum-
ferentially over the sleeve member 39, and the rows of
lateral fluid openings 41 are arranged at an axial distance
from each other. The lateral fluid openings 41 of the upper-
most row have a smaller diameter than the lateral fluid
openings 41 of lower rows. Thus, the flow area of the lateral
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fluid openings 41 in the row directly below the uppermost
row is greater than the flow area of the lateral fluid openings
41 in the uppermost row.

The treatment fluid injection valve 22 comprises a piston
member 43 which is radially surrounded by the sleeve
member 39. The piston member 43 is moveably disposed
within the axial fluid passage 40 of the sleeve member 39
between a closed position shown in FIG. 2a and a fully open
position shown in FIG. 2¢. The axial fluid passage 40 of the
sleeve member 39 constitutes a piston chamber. The piston
member 43 is disposed within the surrounding sleeve mem-
ber 39 with a relatively close fit.

The piston member 43 is biased to the closed position by
a spring member 50. In this exemplary embodiment, the
spring member 50 comprises a compression spring which
provides a bias force upon the piston member 43 for
returning the piston member 43 toward the closed position.
The bias force can be adjusted by means of a setting screw
51 which is secured by a locking bolt 52.

The piston member 43 comprises an axial end surface 44
and an outer circumferential surface 45. The outer circum-
ferential surface 45 of the piston member 43 is provided with
a sealing member 46. As shown in FIG. 3, in this exemplary
embodiment, the sealing member 46 comprises two metal
piston rings 47 (“hard seal”) and a resilient piston ring 48
(“soft seal”). Thus, the piston rings 46, 47 radially protrude
from the outer circumferential surface 45 and engage with
the inner circumferential surface of the sleeve member 39 in
a sealing manner.

In the closed position as shown in FIG. 2a, the axial end
surface 44 of the piston member 43 abuts against the seat
member 32, in particular against a seat ring 33 which
comprises a resilient material (“soft seal”). Thus, the piston
member 43 in the closed position blocks treatment fluid flow
from the axial fluid passage 34 toward the axial fluid passage
40 of the sleeve member 39. The sealing member 46 and the
seat member 32 closes off the flow path from the fluid inlet
37 through the axial fluid passages 34, 40 and the lateral
fluid openings 41 in the sleeve member 39 toward the lateral
fluid outlet 38. The use of the sealing member 46 and the
seat member 32 results in a very low leak rate, whereas the
sealing member 46 also protects the seat member 32 against
wear so that the treatment fluid injection valve 22 can be
operated in a reliable manner for a long period.

The bias force exerted onto the piston member 43 by the
spring member 50 can be overcome by the pressure of
treatment fluid flowing into the axial fluid passage 34 in the
tubular housing and acting onto the pressure-receiving axial
end surface 44 of the piston member 43. When the pressure
is increased within the treatment fluid injection conduit 19,
it bears upon the pressure-receiving end surface 44 of the
piston member 43 to urge the piston member 43 to move
axially downward in the axial fluid passage 40 in the sleeve
member 39. This unseats the piston member 43 from the seat
member 32. By controlling the pressure of the treatment
fluid, the piston member 43 can be moved in an incremental
or continuously variable manner. Thus, the piston member
43 can be controlled to the partially open position shown in
FIG. 26 (“throttling position™).

In the partially open position shown in FIG. 24, the piston
member 43 has opened the lateral fluid openings 41 of the
uppermost row. Thus, the piston member 43 permits treat-
ment fluid flow from the fluid inlet 37 through the axial fluid
passages 34, 40 and the lateral fluid openings 41 in the
uppermost row of the sleeve member 39 toward the lateral
fluid outlet 38 in the circumferential wall 36 of the tubular
housing. As the piston member 43 still blocks the flow path
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through the lateral fluid openings 41 of the rows below the
uppermost row, the flow area of the lateral fluid openings 41
of the uppermost row defines the volume flow of treatment
fluid which flows out of the treatment fluid injection valve
22.

From the partially open position shown in FIG. 25, the
piston member 43 can be displaced over a further incremen-
tal distance so as to open the lateral fluid openings 41 of the
row directly below the uppermost row of lateral fluid
openings 41. Thus, the lateral fluid openings 41 in the sleeve
member define an adjustable flow area which can be
adjusted by controlling the position of the piston member 43
between the closed position shown in FIG. 2a and the fully
open position shown in FIG. 2¢.

As a result, the amount of treatment fluid to be discharged
from the treatment fluid injection valve 22 can be accurately
metered. In addition, when a chemical treatment fluid is used
which leads to clogging of the lateral fluid openings 41 of
the uppermost row, the piston member 43 can be temporarily
displaced to a lower position so that the lateral fluid open-
ings 41 of one or more lower rows are opened. Conse-
quently, the volume flow of treatment fluid can be tempo-
rarily increased so as to wash away any caked residuals of
treatment fluid and to clean the lateral fluid openings 41.

The piston member 43 can be displaced from the partially
open position shown in FIG. 25 to the fully open position in
FIG. 2¢, wherein the lateral fluid openings 41 of each row
are opened. With the piston member 43 in its the fully open
position, the lateral fluid openings 41 in the sleeve member
39 define a maximum flow area. As shown in FIG. 2¢, the
lateral fluid openings 41 of the lowermost row may still be
partially covered by the piston member 43 in its open
position.

The sleeve member 39, in particular the lateral fluid
opening 41 or the lateral fluid openings 41 in the sleeve
member 39, can be constructed in various ways. FIGS. 4a,
4b, 4d show exemplary embodiments of sleeve members
having a single lateral fluid opening 41, whereas FIG. 4¢
illustrates the sleeve member 39 shown in FIGS. 2a, 25, 2c.

The description above describes exemplary embodiments
of the present invention for the purpose of illustration and
explanation. It will be apparent, however, to the skilled
person that many modifications and changes to the exem-
plary embodiments set forth above are possible without
departing from the scope of the invention. It is noted that the
features described above may be combined, each individu-
ally or in any combination of features, with one or more of
the features of the claims.

The invention claimed is:

1. A treatment fluid injection valve for injecting a treat-
ment fluid into a wellbore, the treatment fiuid injection valve
comprising:

a tubular housing comprising a housing axial fluid pas-
sage, a fluid inlet being in fluid communication with the
housing axial fluid passage, and a lateral fluid outlet;

a sleeve member having a sleeve axial fluid passage and
at least one lateral fluid opening, the sleeve member
being fixedly arranged within the tubular housing,
wherein the sleeve axial fluid passage is aligned with
the housing axial fluid passage, and wherein the at least
one lateral fluid opening is aligned with the lateral fluid
outlet; and

a piston member being moveably disposed within the
sleeve axial fluid passage between a closed position and
an open position, wherein the piston member in the
closed position blocks treatment fluid flow from the
housing axial fluid passage toward the sleeve axial fluid
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passage, and wherein the piston member in the open
position permits treatment fluid flow from the fluid inlet
through the housing axial fluid passage, the sleeve axial
fluid passage, and the at least one lateral fluid opening
in the sleeve member toward the lateral fluid outlet of
the tubular housing;

wherein the lateral fluid opening in the sleeve member

defines an adjustable flow area, wherein the adjustable
flow area is adjustable by controlling the position of the
piston member relative to the lateral fluid opening to a
partially open position between the closed position and
the open position.

2. The valve as claimed in claim 1, wherein the sleeve
axial fluid passage comprises an inner circumferential sur-
face, and wherein the piston member comprises an axial end
surface and an outer circumferential surface, the outer
circumferential surface of the piston member being provided
with a sealing member which radially protrudes from the
outer circumferential surface and engages with the inner
circumferential surface of the sleeve member in a sealing
manner.

3. The valve of claim 2, wherein the sealing member
comprises a metal.

4. The valve of claim 2, wherein the axial end surface of
the piston member in the closed position abuts against a seat
member which comprises a resilient material.

5. The valve of claim 1,

wherein the piston member can be controlled to at least

one partially open position between the closed position
and the open position,

wherein, with the piston member in the open position, the

lateral fluid opening in the sleeve member defines a first
flow area, and

wherein, with the piston member in its at least one

partially open position, the lateral fluid opening in the
sleeve member defines a second flow area which is
smaller than the first flow area.

6. The valve of claim 1, wherein the piston member can
be adjusted between the closed position and the open
position by adjusting a fluid pressure of the treatment fluid
at the fluid inlet.

7. The valve of claim 1, wherein a diameter of the at least
one lateral fluid opening increases in a direction away from
the fluid inlet.

8. The valve of claim 1, wherein the at least one lateral
fluid opening comprises a plurality of openings which
increase in diameter in a direction away from the fluid inlet.

9. The valve of claim 1, wherein the at least one lateral
fluid opening comprises an opening having a droplet shape
which increases in diameter in a direction away from the
fluid inlet.

10. The valve of claim 1, wherein the at least one lateral
fluid opening comprises an opening having a keyhole shape
which increases in diameter in a direction away from the
fluid inlet.
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11. The valve of claim 1,

wherein the sleeve member comprises at least a first
lateral fluid opening and at least a second lateral fluid
opening which is arranged at an axial distance from the
first lateral opening, and

wherein the piston member is moveable incrementally
from the closed position to a first partially open posi-
tion and from the first partially open position to a
second partially open position,

wherein the piston member in its first partially open
position permits treatment fluid flow through the first
lateral fluid opening in the sleeve member and blocks
treatment fluid flow from the sleeve axial fluid passage
toward the second lateral fluid opening of the sleeve
member, and wherein the piston member in its second
partially open position permits treatment fluid flow
through the first lateral fluid opening and the second
lateral fluid opening in the sleeve member.

12. The valve of claim 1, comprising a spring member for

biasing the piston member in the closed position.

13. The valve of claim 1, wherein the sleeve member is
replaceable in the tubular housing.

14. A method for injecting a treatment fluid into a pro-
duction zone of a hydrocarbon production well, comprising
injecting the treatment fluid into the production zone of the
hydrocarbon production well using a valve as claimed in
claim 1.

15. A system for injecting a treatment fluid into a well-
bore, the system comprising:

a treatment fluid injection conduit which is configured to
extend from a wellhead of the wellbore to a downhole
end in a production zone, the downhole end of the
treatment fluid injection conduit being provided with a
treatment fluid injection valve, the treatment fluid
injection valve comprising:

a tubular housing comprising a housing axial fluid pas-
sage, a fluid inlet being in fluid communication with the
housing axial fluid passage, and a lateral fluid outlet;

a sleeve member having a sleeve axial fluid passage and
at least one lateral fluid opening, the sleeve member
being fixedly arranged within the tubular housing,
wherein the sleeve axial fluid passage is aligned with
the housing axial fluid passage, and wherein the at least
one lateral fluid opening is aligned with the lateral fluid
outlet; and

a piston member being moveably disposed within the
sleeve axial fluid passage between a closed position and
an open position, wherein the piston member in the
closed position blocks treatment fluid flow from the
housing axial fluid passage toward the sleeve axial fluid
passage, and wherein the piston member in the open
position permits treatment fluid flow from the fluid inlet
through the housing axial fluid passage, the sleeve axial
fluid passage, and the at least one lateral fluid opening
in the sleeve member toward the lateral fluid outlet of
the tubular housing.
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